In Guangdong province, many hot springs were exploited and developed into popular places for tourist. In addition, hotels have been set up near hot spring sites to attract people, including local citizens, to spend their spare time inside these so-called "spring hotels". In our study, indoor air quality was investigated in four hot spring hotels in Guangdong province, China. Measured indoor pollutants included CO 2 , CO, PM 10 , PM 2.5 and Volatile Organic Compounds (VOCs). As the result show, high concentrations of carbon dioxide might be attributed to poor ventilation; and the variations of indoor PM 10 , PM 2.5 concentrations were related to occupants' activities. Alpha-pinene and toluene were the most common VOC species in the hot spring hotels other than monocyclic aromatic hydrocarbons like Benzene, Toluene, Ethylbenzene and Xylenes (BTEX), which were at medium levels among the reported indoor pollutants. High cancer risk of benzene in the newly decorated rooms should be seriously taken into consideration in the future. Indoor to Outdoor air concentration ratios (I/O) for CO 2 and VOCs were higher than 1, indicating their strong indoor sources. Negative correlations were found between indoor CO 2 and all the other compounds, and VOCs were shown to be significantly correlated (p < 0.01) to each other, including aromatic hydrocarbons and mono-terpenes. For indoor and outdoor air compounds, correlation coefficients among all compounds did not show a significant correlation, which indicated that these pollutants had different sources. Principal components analysis by SPSS showed that indoor materials, inhabitants' activities and respiration, cleaning products and outdoor sources were the main sources of indoor detected pollutants in hot spring hotels.
Introduction
Attention to Indoor Air Quality (IAQ) has not decreased in recent years. The detected levels of indoor air pollutants like some Volatile Organic Compound (VOC) species, CO 2 , and particulate matter often exceed outdoor levels by up to 5 times [1, 2] , and most individuals spend most of their time in indoor environments [3] . Pollutants in indoor microenvironments easily accumulate due to various emissions and poor ventilation [4] [5] [6] , and thus cause adverse health effects, like some chronic diseases of sensory irritation, asthma, rhinitis and even some cancers such as leukemia [2, 7] . Statistics from 2008 showed that 36% of lower respiratory diseases and 22% of chronic obstructivepulmonary disease were caused by indoor air pollution [8] .
Previous studies focused on the pollutant levels and their sources in living, working and public environments like houses, offices and shopping malls. Except for outdoor air travelling inside, the most common source of indoor pollutants, like CO, CO2, PM and VOCs, include building materials (e.g., floor and wall coverings, carpet), combustion processes (e.g., smoking, cooking, home heating), consumer products (e.g., cleaners, air fresheners, mothballs), human activity (e.g., moving, and house work) and some other sources [1, [9] [10] [11] [12] . Benzene, toluene, ethyl-benzene, xylene (BTEX), as the main compounds of VOCs in indoor air with a concentration range from 1 to several hundredµ g·m −3 , are usually emitted from building materials and furniture, or are usually used as solvents during wood processing, printing and other daily usage [2, [12] [13] [14] [15] . Since BTEX are one typical kind of harmful VOCs, the health risks and source analysis of BTEX in indoor air have attracted extensive attention [3, 15] . Mono-terpenes, highly reactive kinds of VOCs, could result in secondary pollution in indoor microenvironments, and originate mainly from cleaning products, personal hygiene articles and building sources [13, 16] .
There is abundant hot spring resources around the world, and many of them have been exploited and developed into popular places for recreation and therapeutic uses for rheumatism and other ailments. In addition, hotels have been set up near hot spring sites to attract people, including local citizens, to spend their spare time inside these so-called "spring hotels". VOCs and other pollutants except radon in spring hotels have not been reported in China and other countries [17] . In China, Guangdong province, especially the Pearl River Delta (PRD) region, is an important economic zone; poor air quality accompanying rapid urbanization and industrialization may pose serious health risks. High levels of particulate matters, VOCs, ozone and other pollutants in urban air and indoor microenvironments like residential buildings and shopping malls have been reported in PRD including Guangzhou, Hong Kong and Macao [18] [19] [20] [21] . In this study, four spring hotels were selected in rural sites and their CO, CO2, PM2.5, PM10 and VOCs levels and sources were studied based on simultaneous indoor/outdoor sampling.
Sampling and Analytic Methods

Site Description
Four typical hot spring hotels in Guangdong province were selected for air sampling, and their locations are shown in Figure 1 . Three of the spring hotels are buildings with three floors located in a rural area, including CH (on the edge of a forest), HZ (in a spacious valley) and SG (1000 m away from a county). FS has 6 floors and is located in the center of a county which has a population of more than 140,000. Two rooms on different floors in each hotel were selected for sampling, and the age of which exceeded 5 years. The layout of the hotel rooms was previously described [17] . Table 1 depicts the location of the hot spring hotels and indoor and outdoor air parameters in the sampling rooms. During the sampling periods, the room was occupied by one or two people and their activities were documented in detail. They were free to go outside and open windows in the hotel rooms, just like tourists. 
Field Sampling
Air sampling in this study occurred from July to September 2013 (two samplings in all hotels during this period). The compounds included CO, CO 2 , PM 2.5 , PM 10 , and VOCs, and the field sampling was conducted simultaneously inside and outside of the hot spring hotels for 1.5 h in a 3-h period from 12:00 a.m. Eight samples were collected per day per room, over a period of 3 consecutive days. Indoor air samples were collected at a height of 1.5 m in the center of the room. Identical methods were used for outdoor air sampling, i.e., 1.5 m above the ground or 1.5 m above the floor of the corresponding veranda. VOCs were collected using "7ˆ1/4" Tekmar stainless-steel multi-sorbent tubes. A portable sampling pump (Air-Check-52, SKC Inc., Eighty Four, Pennsylvania, USA) drew an air sample through the tubes, and the flow was set to 100 mL/min and in the sampling periods, a portable digital flow meter (DC-LITE, BIOS, Butler, New Jersey, USA) monitored and recorded the flow (<5.0%). While sampling VOCs, PM 10 and CO, CO 2 was simultaneously measured directly by portable analyzers. CO 2 and CO concentrations were monitored by two portable Q-Trak monitors (Model 8551, TSI Inc. Shoreview, Minnesota, USA), and PM 2.5 and PM 10 by two Dust-Trak air monitors (Model 8520, TSI Inc. Shoreview, Minnesota, USA). Before sampling, the Q-Trak was calibrated with a known concentration of CO 2 gas and the Dust-Trak air monitors were operated based on pre-and post-zero checking. These portable analyzers took a reading every 15 s, and data were recorded and retrieved on a personal computer using TSI TrakPro software. Measurements of PM 10 and CO during each sampling of VOCs were averaged as the corresponding exposure levels.
VOC Analysis
According to the EPA method To-17, VOCs were analyzed by a thermal desorption system coupled to a HP 6890 gas chromatograph/5973 mass selective detector. Firstly, the sampling tubes were thermally desorbed for 20 min at 225˝C with a flow (40 mL¨min´1) of helium (99.999%) passing through and carrying the desorbed VOCs to a pre-concentration trap at 40˝C. Following the tube desorption, the trap was thermally desorbed at 225˝C for 4 min, and finally VOCs were transferred to GC/MSD for determination. An HP-VOC capillary column (60 mˆ0.32 mm, idˆ1.8 mm) was used with helium as the carrier gas and an initial oven temperature of 35˝C for 2 min, increased at a rate of 5˝C¨min´1 to 230˝C for 10 min. The major MSD conditions included ionization by EI, data acquisition mode of SCAN and a mass range of 35-300 amu, manual tuning using perfluorotributylamine, and m/z of 69, 219, 502. Compounds were identified by their retention times and their mass spectra. Standard gas mixtures (1.0 ppm) were first dynamically diluted with zero air, then sampled and analyzed using identical conditions to those for the field samples. Then, 7-point calibration (0.0, 1.0, 5.0, 10.0, 20.0, 40.0, 50.0 ppbv) was performed for quantifying the VOCs in the air samples. The correlation coefficient for all calibration plots exceeded 0.99, the Relative Standard Deviation (RSD) of the target VOCs was less than 15%, and the Limits Of Detection (LOD) were <0.20 µg¨m´3.
Results and Discussion
3.1. CO, CO 2 , PM 2.5 and PM 10 Figure 2 shows the indoor and outdoor arithmetic mean concentrations of CO, CO 2 , PM 2.5 and PM 10 in four spring hotels. CO concentrations, which ranged from 1.0-4.0 ppm in both indoor and outdoor air, were significantly lower than the 1-h period limitation of 8.11 ppm (10 mg¨m´3), i.e., the Chinese indoor air quality standard (IAQS) [22] , which might be related to non-smoking in the room and no strong CO emission sources outside of the hotels. The mean CO 2 concentrations were much higher in indoor than outdoor air and the daily limitation of 1000 ppm based on IAQS. The mean concentration of CO 2 (1319 ppm) was higher in the spring hotels than some indoor microenvironments, like schools (502 ppm [4] ; 1216 ppm [23] ). The concentration of CO 2 was more strongly related to the respiration of the people inside the rooms rather than the intrusion of CO 2 from outdoor air. Previous studies showed that indoor CO 2 concentrations were similar to and higher than the American Society of Heating and Refrigerating and Air-conditioning Engineers (ASHRAE) Standard of 1000 ppm [24] , depending on both internal sources and external background concentration, coupled with low air exchange rate [4, 5] . The CO 2 concentration is widely used as an indicator of indoor ventilation effectiveness, and high CO 2 values in the spring hotels indicated insufficient ventilation [6] . During the sampling time, when the windows were closed due to high air temperatures, the air conditioner could only cool the air and did not introduce fresh air into the room. The indoor CO 2 concentration was initially constant despite frequent opening of the door when the occupants entered the room, followed by a steady increase from sleeping to wakening and then a decrease after the occupants got up or left the room. This trend indicated that the excessive CO 2 was mainly from occupants' breath and the ventilation was the key factor maintaining the indoor and outdoor CO 2 concentration balance.
For indoor PM 10 , more than 86.81% (72.64%-96.20%) was fine particles (PM 2.5 ) in all studied rooms, though their mean levels were less than the limit of 0.15 mg¨m´3 based on the China indoor air quality standard (IAQS) except in CH and SG [22] . In the rooms in the four hotels, the indoor PM 2.5 concentrations ranged from 0.014 to 0.440 mg¨m´3 and the mean concentrations were significantly higher than the 24-h period limitation value stated in the National Ambient Air Quality Standard issued by the Environmental Protection Agency [25] . Except in SG2, the levels of PM 10 and PM 2.5 in the rooms were higher than outside, which meant there might be a major PM source in the hotel room microenvironment. Compared with previous results (Table 2) , the mean levels of indoor PM 10 (0.135 mg¨m´3) in spring hotels was higher than that in schoolrooms, residential rooms, office buildings, care centers and station waiting rooms [4, 9, [26] [27] [28] . The PM 2.5 mean concentrations (0.121 mg¨m´3) in spring hotels were higher than in residential rooms, station waiting rooms, offices, supermarkets and classrooms, but lower than commercial offices [4, 10, 27, 29, 30] . Mean concentrations of PM 10 and PM 2.5 outside spring hotels were lower than those reported in urban area of the PRD like Hong Kong and Guangzhou because they were in rural areas and there was a low density of human activities nearby [18, 19] . Indoor PM increased rapidly when occupants entered the room, slept and got up, then fell slowly after sleeping until they arose the next day. This was strongly related to the activities and movement of the occupants, which led to re-suspension of previously deposited particles or their delayed deposition or settling [31] . 
VOCLevels
VOCS detected in all samples were mainly composed of monocyclic aromatic hydrocarbons and mono-terpenes like alpha-pinene, beta-pinene and 1-limonene. Table 3 lists the statistical result of each VOC in indoor and outdoor air of spring hotels. Alpha-pinene, toluene, ethyl-benzene, and o-xylene were the most abundant species in indoor air. BTEX, including benzene, toluene, ethyl-benzene, m,p-xylene, and o-xylene, occupied 56% of the total VOC concentration of 210.41 µg·m −3 . Compared with BTEX, other aromatic hydrocarbons like styrene, 1,3,5-trimethyl-benzene and 1,2,4-trimethyl-benzene were lower. 
VOC Levels
VOC S detected in all samples were mainly composed of monocyclic aromatic hydrocarbons and mono-terpenes like alpha-pinene, beta-pinene and 1-limonene. Table 3 lists the statistical result of each VOC in indoor and outdoor air of spring hotels. Alpha-pinene, toluene, ethyl-benzene, and o-xylene were the most abundant species in indoor air. BTEX, including benzene, toluene, ethyl-benzene, m,p-xylene, and o-xylene, occupied 56% of the total VOC concentration of 210.41 µg¨m´3. Compared with BTEX, other aromatic hydrocarbons like styrene, 1,3,5-trimethyl-benzene and 1,2,4-trimethyl-benzene were lower. A comparison of indoor BTEX concentrations among various cities around the world is shown in Table 4 . BTEX pollutions in spring hotels were at the middle level among the reported sites, higher than offices and primary schools, and lower than a photocopy shop, drugstore, schoolroom, hospital, hotel and hotel guest rooms [1] [2] [3] 12, 15, 32, 33] . The difference in pollutants levels between hot spring hotel rooms and previously reported rooms was due to the decoration and furniture materials used in the room, and high toluene levels were found in Hotel 1 in southern China due to the usage of poor quality carpet fitted in the room [12, 15, 33] . In general, BTEX could be found in new and refurbished buildings during the decoration because some BTEX were commonly used as solvents for carpet adhesive [2, 12, 14] . High concentrations of BTEX could be attributed to the usage of plywood furniture, wardrobes and carpets fitted in the hotel rooms [12] . Otherwise, BTEX could also invade rooms from outdoor emission sources such as vehicles and ETS in such microenvironments. Heavily trafficked roadside microenvironments and service stations might be considered as the representative worst case for air pollution. In the corresponding outdoor air, BTEX concentrations were slightly less than those of the indoor air, and much lower than those of urban air like Guangzhou, Hong Kong [20, 21] . This might be related to the situations that these hotels were in rural areas and there were no strong emission sources other than a few traffic vehicles. Mono-terpenes, in particular d-limonene in indoor air, might be related to the commonly used household cleaning products and personal hygiene articles, while alpha-pinene has been suggested to be mainly emitted by building sources such as building materials, decorations and surface coatings [13, 16] . Alpha-pinene and d-limonene were the main components of mono-terpenes in the indoor air of spring hotels, and were much greater in FS and SG than CH and HZ, with mean concentrations of 70.0 and 137.0 µg¨m´3, and 29.9 and 1.2 µg¨m´3, respectively, which might because the rooms were newly decorated and refurbished in FS and SG. High limonene levels meant that the application of cleaning agents could elevate the VOC concentrations in the hotels [12] . High indoor levels of alpha-pinene and 1-limonene could also be found in some previous studies, like restaurants and supermarkets [13, 34] . The diurnal variation of alpha-pinene and 1-limonene showed a constant increase at night and after cleaning, and a decrease in the day because of the usage of human cleaning products. Monoterpenes are highly reactive and easily undergo free-radical addition with O 3 or degrade by photochemical reactions, yielding low volatility compounds that readily form organic secondary aerosols [35] . Furthermore, these reactions deteriorate indoor air quality and more attention should be paid to the high mono-terpenes concentrations in the spring hotels.
Health Risk Assessment
Risk assessment is a world-wide accepted procedure to quantify the potential carcinogen risk (for benzene) [3] .The cancer risks were calculated using Equations (1) and (2) based on the exposure to benzene from inhalation [3, 36] .
Cancer risk " LADDˆSF (1) LADD " pCˆInhRˆIAFˆETˆLRFˆEFˆEDq{pLTˆBWˆ365 pday per yearqq (2) where LADD and SF represent the lifetime average dose (mg/kg/day) and the slope factor (benzene, 0.1 kg¨day¨mg´1, [37] ), respectively; C is the benzene concentrations in inhalation (mg¨m´3); InhR is the inhalation rate (0.83 m 3¨h´1 ); IAF is the inhalation intake adjustment factor (1 in this study); ET is the average exposure time, 12 h¨day´1 for occupants and 8 h¨day´1 for workers; LRF is the lung retention factor (1 in this study); EF and ED are the average exposure frequencies (10 day¨year´1 for occupants and 250 day¨year´1 for workers) and working exposure duration (35 year), respectively; LT and BW are the lifetime (72 year) and the body weight (70 kg), respectively. Some parameters used above were obtained from previous studies [3, 15] . In general, compounds with an attributable cancer risk of >10´4 were labeled as "definite risk", between 10´5 and 10´4 as "probable risk", and between 10´5 and 10´6 as "possible risk". In this study, the LCRs of most compounds were less than 10´6, suggesting exposure safety at the current levels [38] . The results (Figure 3) showed that cancer risk values of benzene at SG2 for occupants and HZ1 for workers ranged between than 10´5 and 10´6, indicating a possible risk for all, while at SG1 for occupants, and CH1, CH2, FS1, FS2, HZ2 and SG2 for workers, the values ranged between 10´5 and 10´4, suggesting probable risk. There is concern that the cancer risk of benzene at SG1 for workers was higher than 10´4, meaning a definite risk during contact with the microenvironment. A high cancer risk of benzene at SG1, resulting from newly decorated rooms, was not negligible and should seriously be taken into consideration in the future.
Characteristics of Indoor Air Compounds
The Indoor to Outdoor air concentration ratio (I/O) is an indicator of indoor air quality, and I/O is bigger than 1 when the indoor pollutants is mainly from indoor sources, otherwise I/O is smaller than 1 [11] . As the result shows, I/O ratios for CO 2 and VOCs (except benzene) were higher than 1, while smaller than 1 for CO, but close to 1 for PM (PM 10 and PM 2.5 ) and benzene. This suggested indoor CO 2 and VOC sources and impacts of outdoor infiltration for CO, benzene and PM. For BTEX, their I/O ratios were close to 1 except in FS3 (newly decorated) and SG rooms. I/O ratios for alpha-pinene and limonene were higher than 1, indicating their strong indoor sources. These characteristics revealed that there were strong CO 2 and VOC (except benzene) emission sources in the indoor environment; while CO, particulate matter and benzene were controlled by the outdoor air. 
The Indoor to Outdoor air concentration ratio (I/O) is an indicator of indoor air quality, and I/O is bigger than 1 when the indoor pollutants is mainly from indoor sources, otherwise I/O is smaller than 1 [11] . As the result shows, I/O ratios for CO2 and VOCs (except benzene) were higher than 1, while smaller than 1 for CO, but close to 1 for PM (PM10 and PM2.5) and benzene. This suggested indoor CO2and VOC sources and impacts of outdoor infiltration for CO, benzene and PM. For BTEX, their I/O ratios were close to 1 except in FS3 (newly decorated) and SG rooms. I/O ratios for alpha-pinene and limonene were higher than 1, indicating their strong indoor sources. These characteristics revealed that there were strong CO2 and VOC (except benzene) emission sources in the indoor environment; while CO, particulate matter and benzene were controlled by the outdoor air.
Pollutants displayed significant correlations between indoor and outdoor levels such that a source relationship was implied. Table 5 lists the correlation coefficients for each compound between the indoor and outdoor compounds in four spring hotels. CO and particulate matter were significantly correlated (r > 0.6) at the 0.01 level. For all VOCs, indoor concentrations were shown to be significantly correlated (p < 0.01), including aromatic hydrocarbons and mono-terpenes. Distinctively, indoor CO2 was negatively correlated with all other compounds, and particulate matter and VOCs were less correlated. These results revealed that CO2 had an obvious indoor emission source different from aromatic hydrocarbons and mono-terpenes. For indoor and outdoor air compounds, correlation coefficients among all compounds did not show a significant correlation, which indicated that these pollutants had different sources in the indoor and outdoor air.
According to the compositions and relationships between VOCs, indoor VOCs in the spring hotels rooms could be strongly determined by the indoor emission strength, outdoor concentrations and human activities. Principal Component Analysis (PCA) was used to identify the possible sources of indoor pollutants. The analysis was performed using the combined datasets of VOC concentrations in the rooms in each hotel. Results with loadings > 0.5 were considered to be statistically significant. Five components were extracted in applying PCA (Table 6 ). The high loadings for some VOCs, i.e., to have more than one factor, indicate that there was more than one source for those chemicals. The five factors identified in spring hotels explained 87.26% of the total variance. The first factor, which was highly associated with the aromatic hydrocarbons (except styrene), might be related to building source, including building material, insulation, decoration, surface coatings, furniture and other sources [12] . Factor 2 was associated with benzene, toluene, styrene, 1,3,5-TMB, and beta-pinene, which could be considered as outdoor sources, such as traffic emission and biogenic emission [11] . The third factor was highly associated with CO, PM10 and PM2.5, which could be suggested as the source of human activities. The fourth factor correlated with cleaning products pollutants such as limonene [13] . Finally, the last factor was only associated with CO2, which indicated that the last source should be human respiration. Pollutants displayed significant correlations between indoor and outdoor levels such that a source relationship was implied. Table 5 lists the correlation coefficients for each compound between the indoor and outdoor compounds in four spring hotels. CO and particulate matter were significantly correlated (r > 0.6) at the 0.01 level. For all VOCs, indoor concentrations were shown to be significantly correlated (p < 0.01), including aromatic hydrocarbons and mono-terpenes. Distinctively, indoor CO 2 was negatively correlated with all other compounds, and particulate matter and VOCs were less correlated. These results revealed that CO 2 had an obvious indoor emission source different from aromatic hydrocarbons and mono-terpenes. For indoor and outdoor air compounds, correlation coefficients among all compounds did not show a significant correlation, which indicated that these pollutants had different sources in the indoor and outdoor air.
According to the compositions and relationships between VOCs, indoor VOCs in the spring hotels rooms could be strongly determined by the indoor emission strength, outdoor concentrations and human activities. Principal Component Analysis (PCA) was used to identify the possible sources of indoor pollutants. The analysis was performed using the combined datasets of VOC concentrations in the rooms in each hotel. Results with loadings > 0.5 were considered to be statistically significant. Five components were extracted in applying PCA (Table 6 ). The high loadings for some VOCs, i.e., to have more than one factor, indicate that there was more than one source for those chemicals. The five factors identified in spring hotels explained 87.26% of the total variance. The first factor, which was highly associated with the aromatic hydrocarbons (except styrene), might be related to building source, including building material, insulation, decoration, surface coatings, furniture and other sources [12] . Factor 2 was associated with benzene, toluene, styrene, 1,3,5-TMB, and beta-pinene, which could be considered as outdoor sources, such as traffic emission and biogenic emission [11] . The third factor was highly associated with CO, PM 10 and PM 2.5 , which could be suggested as the source of human activities. The fourth factor correlated with cleaning products pollutants such as limonene [13] . Finally, the last factor was only associated with CO 2 , which indicated that the last source should be human respiration. 
Conclusions and Implications
Exposure to particle matters and hazardous volatile organic compounds was conducted by field sampling in selected hot spring hotels in Guangdong, China. High carbon dioxide concentrations might be attributed to poor ventilation, and the variations in indoor PM 10 , PM 2.5 concentrations were related to occupants' activities. Alpha-pinene, toluene, ethyl-benzene, and o-xylene were the most abundant species in indoor air. BTEX pollutions in spring hotels were at a medium level among the reported indoor sites. Alpha-pinene and d-limonene were the main indoor components of mono-terpenes; the diurnal variation showed a consistent increase at night and after cleaning and a decrease in the day. The high cancer risk of benzene for workers in spring hotels, especially in newly decorated rooms, was not negligible and should be seriously considered in the future. I/O ratios for CO 2 and VOCs (except benzene) were higher than 1, while for CO were smaller than 1, and for PM (PM 10 and PM 2.5 ) and benzene were close to 1, which revealed indoor CO 2 and VOC sources, and impacts of outdoor infiltration for CO, benzene and PM. CO and particulate matter were significantly correlated, while indoor VOC concentrations were shown to be significantly correlated, and indoor CO 2 was negatively correlated with all other compounds. Principal Component Analysis (PCA) showed that building materials, outdoor sources, human activities, cleaning products and human respiration were the main sources of detected pollutants in spring hotels rooms. Further, the weather conditions like air temperature, humidity, wind speed, solar radiation may impact the indoor air quality and should be discussed in a subsequent study.
